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1.0 INTROI)UCTION

'rhe following repourt ,ltails the lrre, cm ONR C'ntract Number N-iX,)14l-

U$6-C-Q 121 ,iuring Lhe pericd frnm I .July 1089 :3)0 Septemhbr tO10I. 'l'Tii, prngram

enails a jo;nt effort, between Research Triangle Instilte nld North Carolina 'SIhtct

Vniversity. Ftmding is being provided by the Innovative S'ieev and T>elrmThlgy

Office of the Strategic Defense Initiative.

The Gen 2 retnote-plasina reactor system is on line at RTI. Work Ires begun in

this system on the deposition or oxide, nitride, and oxide nitride oxide MOS strue-

tures. These structures show improved charge to breakdown characteristics over

previuusly reported structures grown in the original WI' remote-plasma reactor.

Enhancement mode n-channel MOSFETs have been fabricated using an all-low

temperature proces (< 000 0). These results are described in Section 3.



2.0 NEW ULTRA-HIGH PURITY I.EMOTE PLASMA
DEPOSITION SYSTEM

\ :ww ultra-high iluriL, (L''ll') delositio t system is now on line and (speratling

at Ir.t. This reactor takes ndntage or" th, insight, we lve gained into the oirl

and nitride deposition lri*ses. The reactor h;s an all quartz deposition reoniott for

high plurit-y, and a, long flow tlbe type design to minimize eddie current flows. The

all-quartz construction of the reaction zone allows us to use external heaters k', heat

the sample, which greatly simplifies the internal construction of the reactor and

eliminates many sources of contamination. The reaction zone is heated with infra-

red lamps. This radiation shouild couple very well into any water-related bypro-

ducts and help to drive them off of the reactor walls so they can be transported out

of the reaction zone. The gas delivery Jiiies are very short to minimize contamina-

3 tion from the lines, and each gas will be filtered at its injection point with a .05

micron filter. All metal sealed leak valves are used for flow control so that the gas

lines are entirely UFIV compatible and bakeable. The system provides much lati-

Stilde for adjustment of sample position and plasma region position. We believe this

system will allow us to make -major strides in the development of high-quality,

highly reliable dielectrics.

Already the new system is proving its viability in the area of nitride deposi-

tion. The charge to breakdown data shown in Figure 1 is from a nitride deposited

at 300 * C in tihe new system. This nitride film pissed a total charge of over '100

C/cm2 before breaking down. The total voltage shift was less than 0.1 Volt.

* 2
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I]FIGURE 1: Timec dependent breakdown nmeasurement for Si.3N., trn (m 10 nin

thick) deposited at 300 *C using the new ultra-high purity reactor.



ThlI( li,,.t rili idl lilui t ,, LIIoth ori.Ohml riawtar had touclu.ire In lre kclown

valus or r C'/eml. otThis exciing new r'esult, we at, Lilutte to W!e overall iInIlpOved

piurity in the new renctor.

2.1 UHP Oxide Deposition

Deposition studies or $i0o have been initiated in the UIP system at, RTI. So

tar deposition r,1ns have been carried out at 300' C. Various conditions have been

used :as shown in Table 1.

Figure 2'shows CV data from an MOS capacitor fabricated on water 2-002380-

1. This particular run incorporated nitrogen as a process gas in an attempt to

deposit and oxynitride film. Auger analysis indicated no detectable nitrogen. Htow-

ever, the interface state density measured on this sample is very low,

I 1 1010cm--eV- 1. This oxide is on the order of 8.5 nun thick. Charge to break-

down measurements on this material indicate a charge tolerance level of 0.2 Cem-

before breakdown. The change in voltage to maintain the current throughout the

measurement was only 30 mV. This result represents a 100 fold improvement in

the charge to breakdown characteristics of the oxide filns. These capacitors have

Aluminum Electrodes. This charge to breakdown tolerance is good for SiOn MOS

structures with Al electrodes.

3 Data from other oxide deposition runs with other parameters are shown in Fig-

ures 3 and 4. At this point the films are consistently yielding charge to breakdown

values of 0.2 Cem--.

I
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n FIGURE 2: C-V characteristics of anl oxide SttUIre deposited in tihe 1.HP

dcposition reactor at, 300 ° C.
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2.2 UHP Nitride Diepcolion

1De-visition swoIi" or $i3N, have beeni initiated in the VHP -*ystom at, 11-11 !14

I tar rii iition rui 1kt~t I1pen earrkioi nu& at 300* C. Various conudiions hav* Isves

3 noqd asqtown in Table 1.

%Phave rtind that the delon tmperatture or the nitride iq very iiup.*r-

totto its electrical performauce. This same feature was nowtd in the nitritle depo-

3 s~.6ilon studiti carried out in the original RTI rtacto. 1# the origina T eer

3 400'* C was the temperature which yielded the best film, trom the electri Wl AidC-

point. In the UH4P system, nitride films have bme 44.-poefted mt 300' C which stir-

U pa- the performiance of the originaI system nzitrides.

3Charge to breakdown messurements for c ther nitride samples are sRhown in

Fiue 6ad6
2.3 UHP Oxide-Nitride-Oxide Insulator

An oxide-nitride-oxide onpuwtv "insulator stracture has been depositi-I H) Aor

U P-ro'ador. This strudr ~tows of uroiltl 3. rim or oxide, rollowrd ,

15 tm or nitride, rAIYndz l)WvvfI b- ".7) pu') i o mdde. -- characteristics shown in

flgiuc ~ # e2 popat~~tti t~1~'~hs interfai,- state density or abo t

et.There is Im. Wiskresis in 0., high fri,,qu(,y data. The equilvalent

3 .-je th*''Aness ia-, un, This fitri;emjre mipportq a voltage of 10.5 V at a current

3 ~ If 1 'roaiapn- Frr tan oxidr -Arvrturo 'of equiva~elt capacitance this would

fi rir,.id or 14.2 MveiK . "I~w', 'Lructure can suipport a current of a



TABLE 1: Deposition Rate Under Which Oxides \Wete Deposited anrd
Corresponding Electrical Characteristics

I ,SAMPLE DEPOSITION MIDGAP CHARGE TO

NO. RATE Dit BREAKDOWN
am/min (cm- 2 ev - 1)  (C cin-2)

II

IL18I88Q-2 1.12 2.g X 101°  1.2 x 10- 3

112188-1 0.16 4.3 X 100°  1 x I0-2

112188-2 0.18 4.5 X 10' °  Could Not Mveasure

112288-2 1.24 2.2 X 10' °  3 X 10- 1

U9
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3.0 P'ET F'ABRICATION

lInver.ion mode n channel Si I081l TIS have been fabricated using l

I RPI',CV1D oxide. 'he maximum pr- ig te Lmperature was ax (i/(cieC anneal of

ilie implanted source drain regiun- s. The IV diaradteristics are shown in Figure 8.

At a gate length or 2 mieran hite transcondtile Lnee of Lte Lransistors was about 8O

I m$/nin. The gain is limited principally by Lte soirce drain contact resistance.

Capacitors were also fabricated Ol chip with the Fi'rs. This gives some idea or the

effect of the combined processing steps on the quality of the oxide-Si interrace.

The CV characteris tics are shown in Figure 0. The interface state density ror tle

structure is in the mid 1010c-neV- range.

I

I1



SAMPLE 1D s 1-S102-061589-2-Si

FILE NAME s 1*06158,2-4 TEST DATE u068/16/99

GATE WIDTH s 5. OOE-2 = RAMW RATE a1. 0 mV/S

GATE LENGTH s 2. OOE-3 m GATE START a0 Volts

MAX GAIN - sa 7.98E1 mS/mm GATE STEP 1 .50 Volts

* xE-2

1.0-

*2-
.I

VOLTS (V)

I FIGURE 8: Transistor characteristics of transistor withl deposited gate oxide.
Maximum processing temperature is 600 * C.



I 4
I

I ,)

: to
0o

C?)

* (S'W/) PUO/~

FIGURE 0: C-V characteristics from capacitors on chip with transistors fabri-

cated uijAng oxide deposited at :300 *C.
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4.0 SUMMARY

The new u1tra-high pitri=v ,telii',i 'o.vltenl has been brought On line and is

being exercLsedI. his ysu1 iu h~is .dready shtown ,he iapbili y or improving thw

quaity or the depoitied oxidle and nitridt, (ihis. 'rhe charge to breakdown toler-

antce or the oxide films has improved I*y an order or maguitude, and the tolerai e

I of the nitride films has improved by 2 orders or magnitude over films deposited in

the original RTI reactor.

Inversion mode n-channel MO I BT have been fabricated with an all low tem-

perature process (< 00 C), which have transconductances of 80 mS/mm.

I
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